The ongoing digitalization of manufacturing work processes resulting from Industry 4.0-defined as digitalization, automation, and data exchange in manufacturing-challenges how we see and define the role of operators and managers. Consequently, this study investigates the extent to which digital tools are used and available to managers and operators in manufacturing who are experiencing digitalization due to Industry 4.0 movements. A cross-sectional study of production managers and operators (n = 417) was conducted among 10 Norwegian manufacturing companies. Results from independent t-tests and Chi-square tests indicate that, compared with operators, production managers report higher satisfaction with different digitalization experiences, more extensive use of digital systems for registration and documentation, and greater availability of digital tools. Thus, digitalization and digital tools based on the Industry 4.0 concepts seem to have only reached the managerial level, and the revolution seems to be top down.
Introduction
O ver the last two decades, there has been massive progress in the fields of information technology, automation, robotics, Big Data, sensor technology (Internet of Things [IoT]), and artificial intelligence (Rüssmann et al. 2015) . These technological advances may be interpreted as prerequisites for the increasingly popular concept of Industry 4.0, which refers to the current trend of digitalization, automation, and data exchange in manufacturing (Kagermann et al. 2013; Schwab 2016) . The ongoing digitalization in work life is pushing the industrial sector's already high rate of transformation even further, paving the way for new business models and making others redundant. For small and medium-sized enterprises (SMEs), which comprise a large part of industry in the Nordic countries, it is an enormous challenge to keep up with the pace of technological development. Greater demands are simultaneously being placed on the long-term sustainability of production and the utilization of resources. These digital transformations of manufacturing are challenging how we see and define the role of industrial workers-including both operators and the managers (Lall et al. 2017; Schneider 2018) . Digitalization and automation in manufacturing are, however, not a new phenomenon. The development can be traced back to the late 1960s and the 'third industrial revolution', with the introduction of the first programmable logic controller, new complex industrial robots, and computers in manufacturing (Schneider 2018) . Thus, it could be argued that digitalization has played an important role in forming work life within manufacturing for decades. Despite these historical facts, many researchers and experts believe that Industry 4.0 and recent technological advances will accelerate the pace of change with respect to future industrial work life (Kagermann et al. 2013) . A shift from repetitive, low-skilled, and physical work to more complex and cognitive tasks is anticipated (Hecklau et al. 2016; Kagermann et al. 2013; Prinz et al. 2016 ). This shift is expected to contribute to more extensive decentralization and a greater degree of autonomy at the operator level (Gorecky et al. 2014; Tortorella et al. 2018) .
One important and necessary step regarding the implementation of Industry 4.0 is to provide the necessary digital tools and well-functioning assistance systems to all workers within the organization. Furthermore, to fulfill the potential for increased value creation manifested in Industry 4.0, as well as increased autonomy, managers should ensure that their operators find available digital information to be useful and relevant. Sufficient and appropriate skills, competences, and tools are crucial for the Nordic region to maintain its high productivity in the future. An important assumption is therefore that manufacturing companies must facilitate the digital enhancement of their operators so that these operators can take greater responsibility in their companies. The use of technologies among operators is expected to increase in the coming years (Costantinescu et al. 2014; Herman et al. 2016; Kagermann et al. 2013; Prinz et al. 2016; Schneider 2018) . Consequently, there is a need for deeper understanding of the prevalence of various technological solutions, as well as the consequences of such technologies among operators and in the interfaces between human, machine, and organization in the Nordic context. This will also affect the future role of the production manager (Lall et al. 2017) , as operators will become responsible for overall production (rather than just a single machine) and for daily manufacturing operations (Oborski 2003) .
The digital revolution, its possibilities, and implications have been put on the agenda in all Nordic countries (Digital21-group 2018; Iris Group 2015; Ministry of Economic Affairs and Employment of Finland 2018; Ministry of Industry, Business and Financial Affairs 2018). The importance, potential, and need for Industry 4.0 is also highlighted in the Norwegian Government's white paper A greener, smarter and more innovative industry 3 . Industry 4.0 has also been topic for several conferences in Norway. However, there is a lack of empirical studies on this current trend of digitalization in the Norwegian manufacturing context. Hence, the purpose of this study is to investigate the extent to which digital tools are used and available to managers and operators. To do so, we focus on 10 manufacturing companies in Norway that are experiencing digitalization as a result of Industry 4.0 movements.
The Concept, Vision, and Criticisms of Industry 4.0
Recent progress in the field of information technology and the main technological drivers of Industry 4.0, IoT and cyber-physical systems (CPS) have paved the way for a 'fourth industrial revolution' (Hermann et al. 2016; Kagermann et al. 2013 ). The IoT makes it possible for sensors, smartphones, radiofrequency identification, and actuators to share information and interact with each other to achieve common objectives (Giusto et al. 2010) . CPS refers to the integration of computation, networking, and physical processes (Lee 2008) . These systems are merging the virtual and physical world through embedded networks that can control and monitor physical processes. CPS detect data from physical objects by means of sensors, and interact with physical processes via actuators, machinery, and human movements, creating a feedback loop (Thoben et al. 2017; Wang et al. 2015) . Industry 4.0 and its components, IoT and CPS, are expected to contribute to substantial improvements to the industrial processes involved in manufacturing, engineering, supply chain management, and use of materials (Kagermann et al. 2013 ). Kagermann and colleagues (2013) argue that Industry 4.0 will lead to more dynamic engineering and business processes that enable flexible production in which manufacturers are able to respond to last-minute changes. It is also anticipated that more transparency within the organization and production processes will facilitate optimized and decentralized decision making (Hermann et al. 2016; Stock & Seliger 2016) . In spite of these positive implications, however, there is a need to be aware of some of the most problematized and discussed criticisms of Industry 4.0.
For instance, Industry 4.0 has been criticized for being unrealizable from both a technical and resource-related perspective. SMEs, due to their lack of resources, may face considerable challenges when trying to fulfill the visions of Industry 4.0 (Maier & Student 2015) . The limited financial capacities of SMEs make funding of comprehensive and expensive technological solutions challenging, and there is no indication that investments will dramatically increase budgets in the coming decades (Agiplan et al. 2015) . According to Pfeiffer (2017) , Industry 4.0 will spur economic growth, but the costs of implementing new technologies could reduce the overall growth effect in the short term. Furthermore, it is argued that many SMEs lack the necessary know-how and technical expertise to successfully implement Industry 4.0 technologies (Sommer 2015) . Thus, some experts argue that the gap between large manufacturing companies and SMEs could potentially increase because of digitalization and Industry 4.0 (Hirsch-Kreinsen 2016). There are also several risks involved in Industry 4.0 movements, such as high investment costs, strong focus on the technological aspect, data safety issues, poor work conditions, and increased qualification requirements (Howaldt et al. 2017) . Howaldt et al. (2017) also criticize visions of Industry 4.0 as being based on a one-sided, technology-oriented understanding of innovation that does not consider the complex interaction between social (the people) and technological innovations as a precondition for success of the new strategy. Our study acknowledges this latter criticism by taking a more dual-perspective approach and emphasizing the importance of the interaction between people and technological innovations. As a result of the ongoing implementation of Industry 4.0, with a strong focus on technological progress as the main driver of productivity growth in modern economies, increasing globalization, and increasing labor immigration, the Nordic model (elaborated on in the following section) is facing pressure. In the Nordic debate, the digitalization of industry and development of advanced manufacturing are taking an important position as significant factors for maintaining the nations' competitiveness and securing national jobs.
The Nordic Work Life Model and the Changing Nature of the Work Process in Manufacturing
In Norway, tripartite cooperation exists between authorities, employers, and employees, and work life is well-organized, with a high degree of trust between all parties. Norway also has an economic policy that entails high gender equality, solid public welfare systems that provide security and adaptability, and a working life with a high degree of coordination in wage formation and a high employment rate. As part of the Nordic work life model, which refers to a set of institutional and informal practices that create the foundation for a high level of employee participation (e.g., Bungum et al. 2015) , there are many possibilities to optimize digital transformations. The cornerstones of Nordic work life-low power distance, mutual recognition, trust, and involvement (Sørensen et al. 2012 )-represent several advantages that may have implications for the implementation of Industry 4.0's visions. The main competitive advantages of Norwegian companies come from their effective work processes based on high employee participation, equality, and the widespread use of autonomous teams (Levin et al. 2012) . Highly skilled and autonomous employees who demonstrate cooperative creativity contribute to the emergence of flexible organizations that can operate effectively under rapidly changing conditions (Kasvio et al. 2012) . Cooperation and participation at company levelincluding both representative participation (collaboration between employers and labor unions) and direct participation (the various mechanisms that empower employees to exert autonomy or influence their immediate work environment)-are also competitive advantages of the Nordic work life model.
Despite having higher labor costs compared to most other countries, Norwegian companies can compete in global and highly competitive markets by focusing on knowledge-based production of advanced, innovative, and custom-made products, targeting the high-end segment. Participation at the organizational level has also been considered a comparative advantage, as it may foster satisfaction and create involvement among employees, reduce resistance toward change, and lead to better solutions and innovations. Digital transformations affect the entire company, and implementation of new technology may result in resistance from different areas of the company (Matt et al. 2015) . One way to deal with resistance is to encourage active involvement of the various stakeholders affected by the process (Matt et al. 2015) . The Nordic work life model emphasizes the importance of wellbeing at work in the digital work environment, and the need for a participatory design in quality development (Haapakorpi & Alasoini 2018) . Effective and value-creating digitalization changes the nature of work and requires new kinds of management and modified working processes.
Norway has a strong and important industrial tradition in which competitiveness is largely based on efficient work processes through involvement, trust, and responsible operators. It is anticipated that, in future, operators on the shop floor will control more machines simultaneously and thereby know more about the production processes (Prinz et al. 2016) . Hermann et al. (2016, p. 3933) argue that the role of workers on the shop floor will shift from 'operators of machines towards strategic decisionmakers and flexible problem solvers'. In order to handle the increasing complexity of production and surging data flows from CPS, operators need to be supported by well-functioning assistance systems (Lall et al. 2017; Prinz et al. 2016) . Digital tools such as tablets, smartphones, and wearables could provide the necessary real-time information to operators, and thus contribute to decentralized decision making, a more rewarding work day, and enhanced operational efficiency (Costantinescu et al. 2014; Kagermann et al. 2013; Schneider 2018) , and increase individuals' sense of control and autonomy over their work (Bordi et al. 2018 ). However, as previous research has shown, digital communication can not only act as a motivating job resource (Day et al. 2010; Demerouti et al. 2014 ), but also act as a job demand, requiring extra effort, disturbing workflow, and increasing the workload in a negative manner (Barley et al. 2011) .
When the aim is to increase work performance and ensure more effective working hours in the production area, it is crucial that the production manager implements digital communication as a resource and not an exhausting demand. For instance, when employees are forced to use digital communication channels in work situations where they prefer to use other channels, symptoms of technostress may appear (see Tarafdar et al. 2011 ). However, digital tools and digital communication as a resource have the potential to ensure good information flow, facilitate useful and relevant information between workers, and provide flexibility in the work location (Day et al. 2010; Demerouti et al. 2014) . Digital tools have the potential to positively impact work processes in industry. To fulfill the potential of digitalization, industry managers will need a profound understanding of the overall production processes and the organizational challenges across all departments within the company (Quint et al. 2015) . Industry 4.0 could lead to more complicated fabrication, increased flow of data from production processes and intricate value chains, and more challenging coordination tasks for managers (Schneider 2018) . Digital tools and assistance systems will be important necessities at the managerial level, but if operators are to be 'strategic decision makers and complex problem solvers,' technical assistance cannot stop at managerial levels-it must permeate the whole organization and include operators. The implementation of Industry 4.0 has a tremendous impact on industrial value creation, and it is important to understand the underlying dynamics of implementation (Müller et al. 2018) .
Manufacturers emphasize the modernizing of production processes and the acceleration of automation and robotization (Lall et al. 2017 ). Development of the human role is, however, often neglected, perhaps due to the extensive technology-and business-oriented mindset frequently found among manufacturers, their research and development departments, and researchers. This is somewhat contradictory if there is a general understanding of Industry 4.0 as a concept that will contribute to more complex work for human workers. We argue that the visions of Industry 4.0 will be harder to achieve without anchoring the vision to workers at the floor level, and recent studies highlight this. Tortorella et al. (2018) found that the implementation of Industry 4.0, and similar high-tech approaches or concepts, is not in contradiction with the human aspects of an organization. In fact, their empirically backed findings indicate that, when implementing technologies that are central in Industry 4.0, companies that emphasize employees' involvement significantly improve their operational performance (Tortorella et al. 2018) . Involving employees and offering them the opportunity to grow and develop could be regarded as critical success factors in the pursuit of becoming a 'smart factory' and fulfilling the visions of Industry 4.0.
The challenge for Norwegian industrial companies lies in maintaining and increasing productivity to prevent outsourcing, while at the same time enhancing job attractiveness, facilitating continuous improvement and innovation, and developing human skills and abilities. A previous study of three case companies found that highly motivated operators had an unsolicited need for information at right place at right time-a need that could negatively impact either the company's productivity and profits, or both (Lall et al. 2017) . In this abovementioned study, there was no indication that these companies were behind the rest of Norwegian or European industry. Digitalization is making work more information-intensive, and operators will be required to process even more information in the future. Therefore, it is important that the information operators receive is precise and relevant to enabling their work processes. This leads us to the definition of digital information used in this study, which is relevant information through available and enabling digital tools.
Information systems seem to be tailored to the needs of management, rather than the needs of operators (Lall et al. 2017 ). To date, previous studies on Industry 4.0 have mainly contributed with knowledge on the basic concepts of Industry 4.0 and demonstration of its benefits, rather than providing empirical findings (Kamble et al. 2018 ). The present study will contribute more empirical knowledge on a topic that is currently highly theoretical. In the context of 10 manufacturing companies in Norway that are experiencing digitalization as a result of Industry 4.0 movements, this study will examine the extent to which digital tools provide beneficial information, and are used and available to managers and operators. On the basis of the above discussion, our hypotheses are as follows: Hypothesis 1. There is a mean difference in how operators at the floor level perceive the benefits of digital information, compared to their production managers.
Hypothesis 2a. The use of digital tools as a source to gain information about production is associated with the employee's role (production manager vs. operator).
Hypothesis 2b. The quality of digital information is perceived differently by operators compared to production managers.
Hypothesis 2c. When planning production, the digital information made available depends on the employee's role (production manager vs. operator).
Hypothesis 2d. The use of digital systems for registration and documentation is associated with the employee's role (production manager vs. operator).
Hypothesis 3. There is a mean difference between managers and operators in terms of how relevant they believe competence in information and communication technology (ICT) to be in relation to their everyday work.
Hypothesis 4. The benefits of digital information are predicted by competence in ICT, work process improvements, and planning of the employee's own workday, when controlling for the employee's age and role.
Method Participants and Procedure
A cross-sectional study was carried out in 10 Norwegian manufacturing companies covering all organizational levels and roles (N = 3188) in spring/summer 2017. The total sample consists of 1023 male and 160 female participants from a center for researchbased innovation called SFI Manufacturing (n = 1183). The total response rate was 37%. The participating companies have been given fictive names, A-E. SFI Manufacturing is a cross-disciplinary center for competitive high-value manufacturing in Norway, established in 2015. Its vision is that with the right products, technologies, and humans involved, sustainable and advanced manufacturing is possible in high-cost countries such as Norway. The aim is to strengthen manufacturing companies' ability to innovate. Participating companies are highly involved in SFI Manufacturing and contribute their own time and effort. In this study, the companies had the chance to propose content of the survey. Researchers developed the survey based on Industry 4.0 concepts, and after two rounds of revision, the companies approved the survey. The questionnaire contained questions covering the fields of product development, sustainability, and digitalization, the latter of which is relevant for this study. Given our focus on production and production workers, not all respondents were relevant in the sample. The subsample (n = 417) of interest comprised production managers (n = 246, female 8.54%) and operators working in the production area (n = 171, female 12.28%). When looking at the whole sample together, the most frequent age range was 41-50 years. In more detail, respondents representing operators were aged 16 to >60 years, while production managers were aged 21 to >60 years.
The questionnaire formulated in Norwegian was initially distributed via the work email addresses of the workers, directly by the researchers through an electronic survey tool. Included in the invitation was an endorsement from the top manager of the enterprise to participate; this was also intended to demonstrate that the email was not spam. However, not all companies had email addresses for all employees, with missing addresses typically for operators. It was agreed that private email addresses or phone numbers should not be used as a basis for distributing the survey. Thus, a few of the companies preferred to distribute the survey in paper format or offer a Web-based solution where respondents could use a computer to fill in their answers. It should be noted that more than 90% of responses were generated from the work emails. Nevertheless, the additional methods were important to smaller companies. To increase the response rate, two email reminders were distributed. After two rounds of data collection, a response rate analysis was conducted, and a final set of reminders was distributed to all companies. However, for company A and company E, an additional round was undertaken. For company A3, we added the possibility to answer a paper-based questionnaire, which resulted in an additional 14 responses. A separate open questionnaire allowed employees without email addresses to answer on a separate computer during work hours. This increased the total number of people asked, as well as easing the process for those who did not regularly use email. The reminders increased the response rate. Participants were asked to provide their responses anonymously. Informed consent was required prior to their participation in the electronic questionnaire. The Norwegian Social Science Data Service approved the study.
Participating companies are leading industrial actors with the aim of developing the industry of the future by cooperating with researchers. Thus, the respondents in this sample were at the forefront of the Norwegian manufacturing industry, rather than representing the industry average. A total of 10 companies, of varying size, participated. As summarized in Table 1 , the smallest participated company consist of 23 targeted employees, whereas the largest participated company consist of 2121 targeted employees. Three of these were enterprises within the same consortium (labeled A1 to A3 in Table 1 ). Table 1 details the sample size distribution, the number of responses collected, and the response rate percentage for each specific company, and for the sample as a whole. The 10 companies are all private manufacturing enterprises. Production in the manufacturing industry is often located in rural or small towns, and not in the central parts/big cities of Norway. The companies have various ownership structures, from family owned to internationally owned. Regardless of their current ownership, they all originated as locally owned enterprises/subsidiaries of local enterprises. The participating companies have long industrial traditions and histories. They have found ways to keep up with ongoing industrial changes. Their main work processes include melting metal, building ships, making furniture, or building car parts. Some of the companies provide services in addition, such as research & development, design, planning, etc., but these additional services are always connected to the physical product that the companies sell on the open market.
Measures
The benefits of digital information were measured with four items. Respondents were asked to consider the extent to which digital tools are useful in their work by responding to four questions; for instance, 'to what extent do digital tools: (1) help improve the quality of your work, (2) contribute to work being done faster, (3), help you to complete work you couldn't do without such tools, and (4) improve the safety of work routines?' The Cronbach's α value for the instrument was 0.90. Answers were given on a five-point Likert scale ranging from (1) to a very small extent to (5) to a very great extent.
To measure digital use, several questions were used. For example, the respondents were asked to indicate whether they used digital tools to find information about their production work on a categorical scale of yes or no.
Digital systems for registration and documentation was measured with four items, where the responses could be given as either yes, digital; or no, not digital. An example question is, 'During production, do you have systems in place (1) to register and report the quality of the product, (2) for ordering tools/components needed to perform the work task, (3) for planning production, and/or (4) for planning maintenance?'
The quality of the information obtained from digital tools consisted of three items. For example, 'Is the information you receive from digital tools (1) good enough to do what you want to do, (2) up to date, and (3) distinct and comprehensible?' Respondents were asked to choose one of three items and answer yes (1), partly (2), or no (3). The categories 'partly' and 'no' were later merged into one category because 'no' had too few answers to stand alone as a category in a Chi-square test. Instead of deleting these answers, we argue that since we are interested in respondents who were certain about how they perceived the quality, compared with those who were less sure, it was more valuable to merge the 'partly' and 'no' categories.
The availability of digital information was measured with one item, to which respondents answered yes or no to each part: 'Is digital information physical available when you plan production by means of (1) portable digital information technology (that can be worn on the body), (2) your work station, (3) distribution in the production hall, and (4) at a central place (break room, control room, or similar)'.
Competence in ICT was measured with one item: How relevant do you believe mastery of competence in ICT are to your everyday work? Answers were given on a five-point Likert scale ranging from (1) to a very low degree to (5) to a very high degree.
Work process improvements was measured with one item: 'In your workplace, employees want to use their skills and knowledge to constantly improve the way they work'. Answers were given on a five-point Likert scale ranging from (1) totally disagree to (5) totally agree.
Autonomy to plan own workday was measured with one item: 'In your opinion, how important are skills related to planning your workday?' Answers were given on a five-point Likert scale ranging from (1) not very important to (5) very important.
Statistical Analysis
Independent t-tests (two-tailed) were used to assess mean differences in perceived benefits of digitalization and competence in ICT between production managers and operators. Chi-square tests were used to analyze whether there is an association between digital use and the respondent's role (production manager versus operator). Pearson's correlations were used to assess the association between the variables measured using a Likert scale. Regression analysis was conducted to test the predictor variables' influence on the dependent variable, benefits of digital information. The tolerance and variance inflation factor values indicated no problem with multicollinearity. All independent variables measured with response scales had sufficiently normal distribution to permit parametric tests. All analyses were conducted with IBM SPSS Statistics, version 24.
Results
The sample reported the highest mean score for work process improvement (M = 4.16, SD = 0.86), followed by perceived benefits of digitalization (M = 4.05, SD = 1.02), planning of own workday (M = 3.97, SD = 0.82), and finally competence in ICT (M = 3.68, SD = 0.95). Regarding whether digital use was prevalent among production managers and operators, 87% (n = 246) of production managers and 83.5% (n = 170) of operators said they use digital tools as a source to find information about production work. In total, 85.6% (n = 357) of respondents used digital tools as a source to find information about production work. Table 2 reports the frequencies of reported quality of information obtained from digital tools among production managers and operators. The most prevalent answer among production managers was no; however, the answers were similarly distributed in the two categories. Among operators, the most frequent answer was yes, but again, the answers were distributed similarly in the two categories. A general tendency was for managers to be more negative toward the quality of information gained from digital tools than were operators. Table 3 reports the frequencies related to whether digital information is physically available to production managers and operators. Both production managers and operators reported that the traditional workstation is most frequent place at which they find relevant and available digital information. Portable digital information technology (that can be worn on the body) was most frequently reported in the 'no' category in both groups, indicating that there is still potential to use more enabling technologies, such as smart glasses, voice control, virtual reality, and augmented reality, in the Norwegian manufacturing industry. The findings also indicate some potential to empower the production hall with more beneficial digital tools. Hypothesis 1 posits that there is a systematic difference in how production managers versus operators report digital tools as beneficial to their workday. Findings from an independent t-test confirmed that there were indeed systematic differences in perceptions in this regard. Production managers reported greater benefits of digitalization (M = 4.16, SD = 0.93) than did operators (M = 3.75, SD = 0.99), t (412) = 4.22, p < 0.001, which represents a moderate effect size (Cohen's d = 0.43). This result indicates that production managers reported higher satisfaction with digitalization than operators in the 10 Norwegian manufacturing companies considered. Hypotheses 2a and b indicated that the use of digital tools as a source to gain information about production, and the quality of digital information, are associated with the employee's role (production manager versus operator). Findings from the Chi-square test indicated that there were no significant associations between the role and use of digital tools as a source of information about production [c² (1) = 0.98, p = 0.40, n.s.], nor in perceptions of quality of information from digital tools [c² (1) = 1.36, p = 0.27, n.s.]. Hypothesis 2a and 2b were thus not supported.
However, when planning production, the digital information made available is to some degree related to the role of employment (production manager versus operator). There was a significant association between the type of employment and whether the workers found digital information to be available, including in the form of portable digital information technology (that can be worn on the body), c² (1) = 4.28, p < 0.05, or in the production hall c² (1) = 4.19, p < 0.05. There was no significant association between the type of employment and whether the workers found digital information to be available at their workstation [c² (1) = 0.66, p = 0.44, n.s.] or at a central place (break room, control room, or similar) [c² (1) = 0.03, p = 0.88, n.s.]. Hypothesis 2c is therefore partly supported, as responses regarding two out of four digital information availability types were significant. This indicates that production managers found digital tools to be more available than did operators when planning production, but only regarding certain types of availability.
Hypothesis 2d indicated that the use of digital systems for registration and documentation are associated with the role of employment. Systems for registering and reporting the quality of the product [c² (1) = 6.08, p < 0.05], for ordering tools/components needed to perform the work task [c² (1) = 20.76, p < 0.001], for planning production [c² (1) = 18.09, p < 0.001], and for planning the maintenance [c² (1) = 7.09, p < 0.01] were significantly associated with the type of employment, since production managers reported greater use of digital systems for registration and documentation compared to operators. Thus, Hypothesis 2d is supported.
Findings from an independent t-test also confirmed systematic differences in how important production managers versus operators believe competence in ICT is in mastering their daily work tasks. Production managers experienced greater benefits of ICT competence (M = 3.85, SD = 0.84) than did operators (M = 3.45, SD = 1.06), t (414) = 4.07, p < 0.001; the results represent a moderate effect size (Cohen's d = 0.43). Hypothesis 3 is therefore supported.
Hypothesis 4, which suggested that benefits of digital information are predicted by competence in ICT, work process improvements, and planning of own workday, when controlling for employee's age and role, was partly supported. Table 4 summarizes the correlations of the study variables, which indicate that the variables are positively related to each other. Specifically, as summarized in Table 5 , 17.4% of the variance of benefits of digital information was predicted by the independent variables. The strongest predictor of benefits of digital information was competence in ICT (β = 0.30, p < 0.001); this was a significant predictor together with autonomy to plan of own workday (β = 0.10, p < 0.05) and the control variable role of employment (β = -0.13, p < 0.01). Altogether, the significant findings in this study highlight that production managers find digitalization to be more useful, available, and beneficial compared with operators.
The findings also indicate that the benefits of digital information are predicted by how the individual's competence in ICT impacts their daily work tasks, and enables them to be proactive and have the flexibility to plan their own workday.
Discussion
Digitalization can bring enormous opportunities to develop a new, smarter, and more sustainable industrial sector in the Nordic countries. This article highlights an unused potential in the process of digitalization. Findings revealed that production managers tend to report higher satisfaction with different digitalization experiences compared with operators in the 10 Norwegian manufacturing companies studied. For instance, production managers report greater use of digital systems for registration and documentation than operators. Further, two out of four digital tools were experienced as being more available among production managers compared with operators. The fact that production managers find digital tools to be more available than do operators when planning production is contrary to expectations, since we argue that it is operators that need to be supported in their work process, since they are the ones out in the production area who require information, rather than managers. It seems that Norwegian manufacturing companies have potential to use more enabling technologies, such as smart glasses, voice control, virtual reality, and augmented reality. The findings reveal a potential to empower both 'the body' and the production hall with more beneficial digital tools. There were also systematic differences among production managers and operators in how important they believe their competence in ICT to be in impacting how they master their daily work tasks. In sum, the findings indicate that digitalization and ICT systems based on Industry 4.0 visions are designed by and intended more for managers than for operators. This is somewhat contrary to expectations if there is a general understanding of Industry 4.0 as a concept that will contribute to more complex work for operators (Gorecky et al. 2014; Tortorella et al. 2018) . Training and development tailored toward Industry 4.0 specific competencies and skills can also increase successful implementation of related technologies (Müller et al. 2018; Stock & Seliger 2016) . Digital training in real work settings is one way to ensure efficient use of digital tools. The findings from the regression analysis show that personal skills and expertise have implications for how digital tools can help operators improve the quality of their work, complete work more quickly, experience new job content, and contribute to safety in work routines. This has implications for how the industry can profit from ongoing digitalization processes.
In future, there will be more need for multidisciplinary operators with technical, analytical, and ICT skills, and less need for traditional craftsmen. The importance of operators will increase, as they become responsible for the whole production process, and not just a single machine (Oborski 2003) . However, our findings indicate that the vision and complexity have not (yet) reached the production floor level. Although we studied highly developed manufacturing companies in Norway-a society with strong values of autonomy and employee participation-it seems that the visions of Industry 4.0 lack anchoring at the operational level. According to Müller et al. (2018) , the implementation of Industry 4.0 has a tremendous impact on industrial value creation, and it is important to understand the underlying dynamics of implementation. In addition, the number of managers in production is expected to decrease, leaving operators with responsibility for daily manufacturing operations (Oborski 2003) . This, together with our findings, indicates that Industry 4.0 implementation should focus much more on the operational level in future.
By moving management decisions partly to the production floor, companies will enable quick responses and increased flexibility, and free up management capacity that can be invested in other areas. High-tech industrial production, which entails a rapid rate of change and capabilities for innovation and utilization of new technology, is important to keep industrial production in the Nordic countries. For the increased digital technology to result in positive effects in organizations, the technical design question must be preceded by the social design question (Govers & Amelsvoort 2017) . In order to convince operators of the beneficial nature of Industry 4.0, managers should ensure good training settings and address operators' concerns. For instance, as shown by our findings, giving operators autonomy to plan their own workday increases the benefits of digital information. Conversely, a lack of employee qualifications and acceptance might impact the implementation stage (Müller et al. 2018 ) and future success.
The (r)evolution of Industry 4.0 in future will benefit from greater involvement from operators. In particular, there is tremendous potential in Norway, as the cornerstones of the Nordic model (Levin et al. 2012; Sørensen et al. 2012) offer an advantage in terms of successfully implementing elements of Industry 4.0 by gaining context-specific knowledge as a result of high participant involvement and trust. If digitalization and ICT systems are not implemented with the operator in mind, it can result in inefficiency and suboptimal use of workers' capabilities and potential (Lall et al. 2017) . In a highcost country such as Norway, ensuring effective production lines contributes to keeping production and industry in the country. From an operational perspective, Industry 4.0 can help achieve and facilitate process optimization before value creation is realized in practice (Müller et al. 2018) . In order to gain more benefits from Industry 4.0, more efforts are needed at both the managerial and the operational level (Kagermann et al. 2013; Stock & Seliger 2016) . Less monotonous and repetitive tasks might result in more engaged operators (Kagermann et al. 2013; Müller et al. 2018; Stock & Seliger 2016) , and digital tools have the potential to ensure more productive operators (Costantinescu et al. 2014; Kagermann et al. 2013; Schneider 2018) . For instance, digital communication can increase operators' sense of control and autonomy over their work (Bordi et al. 2018 ). However, new digital practices need to be developed with the operator in mind, and operators must be involved in the process of finding out what best fits them at floor level, and in relation to their work.
Methodological Limitations
The findings in this paper are based on cross-sectional data, which precludes any conclusions regarding causality. As the concepts are subjective and related to the individuals' experiences, such as perceived benefits of digitalization, we argue that self-reports are valid measures. However, self-reports may increase the risk of common method variance in terms of recall bias and socially desirable responses (Podsakoff et al. 2003) . To limit methodological bias, assuring respondents anonymity aims to decrease strategic responding and increases the presence of valid answers (Podsakoff et al. 2003) . We suggest that it seems unlikely that respondents would over-report their experience with digitalization in an anonymous and confidential study.
Another limitation pertains to the moderate response rate, which could have increased the likelihood of random errors and decreased the accuracy of the estimates. On the basis of a response analysis of 490 studies, Baruch and Holtom (2008) found that the average response rate for studies utilizing data collected from organizations is 35.7%; according to this guidance, our response rate falls within these ranges. Nevertheless, the rate may have had implications for our findings. Strategies were implemented to improve the response rate; for example, instead of using paper-based surveys, we used a Web-based collection. According to Baruch and Holtom (2008) , use of email, phone, and Web yields a higher response rate than using postal delivery. Together with the reminders, all enterprises received a tailor-made report of their scores relative to the total. After the reports had been distributed, we found that they had been presented and discussed in the companies. While the companies struggled to build a digitalization strategy from the results, they did not question or reject the results. Thus, we conclude that while response rates ideally should have been higher, overall the findings are a good indicator of how digitalization is experienced by the enterprises. For practical reasons, unfortunately, we did not obtain an exact number of production managers and operators in the companies. We argue, however, that despite the moderate response rate, we have provided valuable insights on a topic that has received relatively little empirical attention. However, generalization of the findings should be done with caution. Given the type of enterprise participating in the survey, the study is not representative of the Norwegian manufacturing industry as a whole. The companies measured are more interested in research than average, and are expected to have higher use of technology than average. Thus, future research would benefit from more international comparative studies on Industry 4.0 movements.
Theoretical and Practical Implications
As previously addressed and discussed, this study provides empirical findings that are relevant for digitalization and the implementation of Industry 4.0 movements. This paper adds to the small body of literature that has addressed digitalization in manufacturing companies, and the differences experienced between operational managers and operators. By conducting this research in Norway, we contribute empirical insights that highly developed manufacturing companies strive on getting the most out of Industry 4.0. According to our findings, digitalization and ICT systems based on Industry 4.0 visions are designed by and intended more for managers than for operators. Our empirical findings contribute knowledge that reduces a research gap in the Industry 4.0 literature. Indeed, employment opportunities in the Nordic industrial sector have, and will further be, redistributed from simpler manufacturing jobs to more highly qualified, often service-oriented jobs.
New technology is expected to change Nordic work life and may give Nordic manufacturing companies a competitive advantage (Iris Group 2015). However, this will require companies to exploit the competitive advantage that lies in the Nordic model by digitally enhancing operators' approaches to work so that they can take even more responsibility for the production system and make decisions for efficient production. There is potential for more enabling technologies in a production setting; however, managers should also be aware of the pitfalls when implementing new tools. Müller et al. (2018) stressed the need to establish a collaborative, explorative, and entrepreneurial mindset among a company's most important resource-employees-when implementing Industry 4.0 concepts. They also highlighted the need for top management to promote change-management activities and processes to create organizational structures that meet the requirements for connected value creation.
Conclusion
This paper explored the empirical reality of the extent to which digital tools give beneficial information, and are used by and available, to managers and operators in 10 manufacturing companies in Norway who have experienced digitalization as a result of Industry 4.0 movements. The Norwegian companies in question are motivated regarding, and dedicated to, Industry 4.0. They are among the elite in Norway, and most are competing in the worldwide market. All have decades of digitalization behind them, if we include their earlier work and robotization. They are all also aware and supportive of Nordic work life model values, are highly unionized, and are committed to values of workplace democracy and participation. They strive to develop autonomous work teams, believing that an autonomous and competent work force and relatively flat hierarchy is of major importance to their competitive advantage. The enterprises are digital, although piles of paper still exist. Workers in Norway generally support the introduction and use of digital tools, and there is a general positive attitude toward digitalization ). Nevertheless, our findings show that there is a gap between the needs and wishes of operators in the Industry 4.0 setting, and the reality of the tools offered. This paper underscores the need for developing digital tools that support the work of operators, enabling them to have increased situational awareness, decision authority, and autonomy. Industry 4.0 is too important to be left to middle managers' and analysts' desks.
